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BY EXPRESS MAIL NO. EL254n3394US 
Attorney Docket No. SONY-U0150 

TRANSPORT STREAM RECORDING APPARATUS AND METHOD, 
TRANSPORT STREAM REPRODUCING APPARATUS AND METHOD, AND 
PROGRAM RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a 
transport stream recording apparatus and a transport 
stream recording method, a transport stream reproducing 
apparatus and a transport stream reproducing method, and 
a program recording medium. For example, the present 
invention relates to a transport stream recording 
apparatus and a transport stream recording method, a 
transport stream reproducing apparatus and a transport 
stream reproducing method, and a program recording medium 
which are suitably for use in recording an MPEG video 
stream for example onto a data recording medium so that 
the recorded video stream can be reproduced in random 
access manner and in reproducing the MPEG video stream. 

MPEG (Moving Picture Experts Group) 2 transport 
streams are used in the satellite digital broadcast and 
terrestrial digital broadcast in Japan, Europe, and the 
US. Namely, transport streams as digital broadcast waves 
are multiplexed in a time division manner with packetized 
MPEG video and audio streams corresponding to the video 

1 



and audio signals of broadcast programs. 

If these transport streams can be recorded in the 
form of digital signals on the side of receivers, users 
can repeatedly view programs without degradation in 
picture and sound qualities. 

Further, recording transport streams onto random- 
accessible recording medium such as a hard disc and an 
optical disc can realize random access reproduction in 
which broadcast programs can be reproduced from any point 
of time specified by user. 

In an MPEG video stream, I picture, B picture, and 
P picture are arranged appropriately. The decoding of B 
picture and P picture uses the image data decoded in the 
past, so that only I picture can become the reproduction 
start position of these three types of pictures. 
Therefore, when random access reproduction is executed 
from a user - specif ied reproduction start position, the I 
picture which is nearest the specified reproduction start 
position is searched and the reproduction is started with 
that I picture. 

However, to search for the I picture nearest the 
specified reproduction start position from a recorded 
transport stream, MPEG video packets must be extracted 
from the transport stream to analyze the header and 
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payload of each MPEG packet. These extraction and 
analysis take time, thereby presenting a problem that 
prompt random access reproduction in response to user 
specification cannot be realized. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to realize prompt random access reproduction in response 
to user commands by detecting I picture in a transport 
stream to be recorded and by recording on a data 
recording medium information for identifying a packet in 
which data of the I picture are stored along with 
discontinuity information as a database of transport 
stream . 

In carrying out the invention and according to a 
first aspect thereof, there is provided a transport 
stream recording apparatus for recording a transport 
stream on a recording medium, including a detector for 
detecting, from a transport packet constituting the 
transport stream, a discontinuity point in the transport 
stream, a discontinuity point information generator for 
generating discontinuity point information in accordance 
with the discontinuity point, and a recording unit for 
recording the transport packet onto the recording medium 
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along with the discontinuity point information. 

According to a second aspect of the invention, 
there is provided a transport stream recording apparatus, 
wherein the detector including a first extracting block 
for extracting reference time information located in the 
transport stream, a time information generator for 
generating system time information on the basis of the 
reference time information, and a time discontinuity 
detector for detecting occurrence of discontinuity in the 
reference time information. 

According to a third aspect of the invention, there 
is provided a transport stream recording apparatus, 
wherein the discontinuity point information generator 
generates, as the discontinuity information, time axis 
identification information for identifying a time axis 
and positional information corresponding to a start time 
of the time axis. 

According to a fourth aspect of the invention, 
there is provided a transport stream recording apparatus, 
wherein the discontinuity point information generator 
generates, as the time axis identification information, 
the system time information corresponding to a start time 
of the time axis and the system time information 
corresponding to an end time of the time axis. 
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According to a fifth aspect of the invention, there 
is provided a transport stream recording apparatus, 
wherein the discontinuity point information generator 
generates, as the time axis identification information, 
the system time information corresponding to a display 
start time on the time axis and the system time 
information corresponding to a display end time on the 
time axis. 

According to a sixth aspect of the invention, there 
is provided a transport stream recording apparatus, 
wherein the detector including a second extracting block 
for extracting, on the basis of program information 
arranged in the transport stream, a point at which 
program content changes. 

According to a seventh aspect of the invention, 
there is provided a transport stream recording apparatus 
further including a first analyzer for extracting, from 
the transport packets, a transport packet including data 
that may provide a reproduction start position, and an 
entry point map generator for generating an entry point 
map for identifying the transport packet including the 
data, wherein the recording unit records, along with the 
discontinuity point information, the entry point map on 
the recording medium as the database corresponding to the 

5 



transport stream. 

The above-mentioned first analyzer can be adapted 
to extract a transport packet in which I picture data are 
described as a transport packet in which data that can 
provide a reproduction start position are described. The 
above-mentioned entry point map creating block can be 
adapted to create an entry point map by use of the 
positional information about a transport packet in which 
I picture data are described and by use of I picture PTS . 

According to an eighth aspect of the invention, 
there is provided a transport stream recording apparatus 
further including a second analyzer for extracting a 
transport packet including data that provide a mark point 
from the transport packets, and a mark point information 
generator for generating mark point information for 
identifying the transport packet including the data that 
provide the mark point, wherein the recording unit 
records the mark point information on the recording 
medium as the database corresponding to the transport 
stream along with the discontinuity point information. 

According to a ninth aspect of the invention, there 
is provided a transport stream recording apparatus, 
wherein the mark point information generator generates 
the mark point information by use of time information of 
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the mark point and time axis identification information 
for identifying a time axis to which the time information 
belongs . 

According to a tenth aspect of the invention, there 
is provided a transport stream recording method for 
recording a transport stream on a recording medium, 
including the steps of detecting, from a transport packet 
constituting the transport stream, a discontinuity point 
in the transport stream, generating discontinuity point 
information in accordance with the discontinuity point, 
and recording the transport packet onto the recording 
medium along with the discontinuity point information. 

According to an eleventh aspect of the invention, 
there is provided a program recording medium recording a 
computer- readable program for recording an inputted 
transport stream on a data recording medium, the program 
including the steps of detecting, from a transport packet 
constituting the transport stream, a discontinuity point 
in the transport stream, generating discontinuity point 
information in accordance with the discontinuity point, 
and recording the transport packet onto the recording 
medium along with the discontinuity point information. 

According to a twelfth aspect of the invention, 
there is provided a transport stream reproducing 
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apparatus for reproducing a transport stream recorded on 
a recording medium, including a reproducing unit for 
reproducing the transport stream from the recording 
medium, a reproduction controller for executing control 
such that time axis identification information of the 
transport stream and an entry point map are reproduced 
from the recording medium, and a controller for searching 
the time axis identification information and the entry- 
point map for a reproduction start position, wherein the 
reproduction controller controls the reproducing unit 
such that the recording medium is read in accordance with 
the reproduction start position. 

According to a thirteenth aspect of the invention, 
there is provided a transport stream reproducing method 
for reproducing a transport stream from a recording 
medium, including the steps of reproducing time axis 
identification information of the transport stream and an 
entry point map from the recording medium, searching the 
time axis identification information and the entry point 
map for a reproduction start position; and reading the 
recording medium in accordance with the reproduction 
start position. 

According to a fourteenth aspect of the invention, 
there is provided a program recording medium recording a 
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computer- readable program for reproducing a transport 
stream from a recording medium, the program including the 
steps of reproducing time axis identification information 
of the transport stream and an entry point map from the 
recording medium, searching the time axis identification 
information and the entry point map for a reproduction 
start position, and reading the recording medium in 
accordance with the reproduction start position. 

In the transport stream recording apparatus and 
method and in the program recorded on the first program 
recording medium according to the invention, the 
transport packet is analyzed for detection of a 
discontinuity point in coding information and, in 
accordance with the analysis result, discontinuity point 
information in the case where discontinuity occurred is 
created. In addition, transport packet data are recorded 
on a data recording medium and the discontinuity point 
information is recorded on the data recording medium as a 
database corresponding to the transport stream. 

In the transport stream recording apparatus and 
method and in the program recorded on the second program 
recording medium according to the invention, the database 
corresponding to a transport stream is obtained from a 
data recording medium. In addition, a specified 
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reproduction start position is compared with information 
contained in the database corresponding to the transport 
stream to find a reproduction start permitting position. 
By use of the information contained in the database, an 
address on the data recording medium on which the 
transport packet corresponding to the reproduction start 
permitting position is computed. The reading of the 
transport packet starts from the computed address on the 
data recording medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention will be 
seen by reference to the description, taken in connection 
with the accompanying drawing, in which: 

FIG. 1 is a block diagram illustrating a 
configuration of a recording apparatus practiced as one 
embodiment of the invention; 

FIGS. IK. 2B, and 2C illustrate a DVR transport 
packet to be recorded on a data recording medium; 

FIG. 3 is a block diagram illustrating a PLL block 
shown in FIG. 1; 

FIG. 4 is a flowchart describing transport stream 
recording processing by a recording apparatus; 

FIG. 5 is a flowchart describing a process in which 
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an arrival time stamp is generated; 

FIG. 6 is a flowchart describing stream database 
recording processing by the recording apparatus; 

FIG. 7 is a flowchart describing processing in step 
S21 shown in FIG. 6; 

FIG. 8 is a diagram illustrating a relationship 
between STC discontinuity point and entry point; 

FIG. 9 is a diagram illustrating STC discontinuity; 

FIG. 10 is a diagram illustrating STC 
discontinuity; 

FIG. 11 is a flowchart describing the processing 
for analyzing discontinuity in a program sequence; 

FIG. 12 is a diagram illustrating one example of 
entry point map; 

FIG. 13 is a diagram illustrating one example of 
STC time axis information; 

FIG. 14 is a diagram illustrating a first example 
of STC discontinuity information syntax; 

FIG. 15 is a diagram illustrating a second example 
of STC discontinuity information syntax; 

FIG. 16 is a diagram illustrating a first example 
of program sequence syntax; 

FIG. 17 is a diagram illustrating a second example 
of program sequence syntax; 
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FIG. 18 is a diagram illustrating program_sequence ; 
FIG. 19 is a diagram illustrating entry point map 

syntax; 

FIG. 20 is a diagram illustrating mark syntax; 

FIG. 21 is a diagram illustrating an example in 
which mark is indicated by STC_sequence_id and PTS 
values ; 

FIG. 22 is a diagram describing a relationship 
between EntryPoin tMap and STC_Info; 

FIG. 23 is a block diagram illustrating an 
exemplary configuration of a reproducing apparatus 
practiced as one embodiment of the invention; 

FIG. 24 is a flowchart describing reproduction 
processing by the reproducing apparatus; 

FIGS. 25A, 25B, and 25C are diagrams describing a 
method of reproduction by use of mark point information; 

FIG. 26 is a flowchart describing cued reproduction 
processing of a scene indicated by mark point 
information; and 

FIG. 27 is a flowchart describing CM skipped 
reproduction processing by use of mark point information. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

This invention will be described in further detail 
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by way of example with reference to the accompanying 
drawings . 

Now, referring to FIG. 1, an exemplary 
configuration of a recording apparatus 10 to which the 
present invention is applied will be described. The 
recording apparatus 10 adds a transport packet extra 
header to a transport packet (an MPEG video packet or an 
MPEG audio packet for example) as shown in FIG. 2A 
multiplexed at irregular intervals on a transport stream 
inputted from a set top box for example, not shown, which 
receives digital broadcast waves, thereby generating a 
source packet as shown in FIG. 2B to generate DVR 
transport stream by removing the intervals of the source 
packet. The generated DVR transport stream is then 
recorded on a data recording medium 21. It should be 
noted that the lateral axes in FIGS. 2A and 2B represent 
time axes for the arrival time clock at which the 
transport packet arrives at the recording apparatus 10. 

A stream analyzing block 11 searches the transport 
packets sequentially inputted from the set top box for 
example for a packet in which PGR (Program Clock 
Reference) is stored, extracts PGR, and outputs it to a 
PLL (Phase Locked Loop) block 12. 

The packets in which PGR is stored (these packets 
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hereafter referred to as PGR packets) are arranged in a 
transport stream at intervals less than 100 milliseconds. 
PGR is information for aligning a system time clock 
(hereafter STG) that provides a reference clock for 
reproduction of data stored in each transport packet. PGR 
has a precision of 27 MHz. It should be noted that a 
difference between the values of the PCRs stored in one 
PGR packet and the following PGR packet is normally in 
proportion to the interval (less than 100 milliseconds) 
at which the PGR packets are arranged. However, for 
various reasons, the difference value between the PCRs 
stored in one PGR packet and the following PGR packet may 
be greater than the normal level. In such a case, the STG 
generated by the PLL block 12 (to be described later) 
becomes discontinuous, changing the STG time axis before 
and after the time at which the discontinuity occurs. 

The stream analyzing block 11 also generates a 
discontinuity flag and outputs it to the PLL block 12 if 
STG discontinuity is found by the analysis of the header 
of each inputted transport packet; to be more specific, 
if a packet ID change in a PGR packet is detected, 1 is 
detected in "discontinui ty_indicator " of the header of a 
transport packet, or if DIT (Discontinuity Information 
Table) is detected. 
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Further, the stream analyzing block 11 imparts a 
serial packet number (packet identification information) 
to each serially inputted transport packet and, at the 
same time, analyzes the header and payload of each 
transport packet to generate entry point data, 
discontinuity point data, and mark point data, which are 
outputted to a stream database creating block 16. 

The entry point data are information for 
identifying the packet in which I picture data that can 
provide a reproduction start position (an entry point) . 
The discontinuity point data are information for 
indicating a packet at which STC discontinuity occurred. 
The mark point data are information for identifying a 
packet in which image data corresponding to scene change 
position, commercial start and end positions, and so on 
are stored. 

The PLL block 12 aligns the system clock frequency 
of 27 MHz by use of a PGR inputted from the stream 
analyzing block 11 and outputs the aligned system clock 
frequency to an arrival time clock (ATC) counter 13 . The 
PLL block 12 also generates an STC for counting up in 
synchronization with the system clock frequency with the 
PGR as an initial value and outputs a discontinuity 
occurrence flag to the stream analyzing block 11 if 

15 



discontinuity occurs in that STC or a discontinuity flag 
is inputted from the stream analyzing block 11. 

FIG. 3 shows a detailed exemplary configuration of 
the PLL block 12. PGR inputted from the stream analyzing 
block 11 at an interval of less than 100 milliseconds is 
supplied to a comparator 31 and a system time clock 
counter 34. The comparator 31 generates a signal 
indicative of a differential value between the PGR value 
from the stream analyzing block 11 and the STC value from 
the STC counter 34 and outputs the generated signal to a 
lowpass filter (LPF) 32 and a controller 35. The lowpass 
filter 32 removes the high-frequency component of the 
differential signal from the comparator 31 and outputs 
the resultant signal to a voltage-controlled oscillator 
(VCO) 33. The vol tage - controlled oscillator 33 generates 
a system clock frequency of 27 MHz and output it to the 
STC counter 34 and an ATC counter 13 (FIG. 1) at the 
following stage so that the differential signal from the 
lowpass filter 32 becomes 0. 

The STC counter 34 counts up the STC with the first 
inputted PGR being the initial value in synchronization 
with the system clock frequency (27 MHz) from the 
voltage-controlled oscillator 33 and outputs the 
resultant STC to the comparator 31. If the controller 35 
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determines the value of the differential signal from the 
comparator 31 is greater than a predetermined threshold, 
the controller 35 generates a discontinuity occurrence 
flag and outputs it to the stream analyzing block 11 if a 
discontinuity flag is inputted from the stream analyzing 
block 11 for example. 

For example, if PCRs having values of certain 
intervals are sequentially inputted in the PLL block 12, 
the differential value from the comparator 31 becomes 0 
and therefore no discontinuity occurrence flag is 
outputted from the controller 35. If a PGR having a value 
greatly different from the value of a previously inputted 
PGR is inputted, the differential value from the 
comparator 31 becomes a great value and it is determined 
in the controller 35 that the differential value is 
greater than the threshold, upon which a discontinuity 
occurrence flag is outputted. The PGR which is not 
continuous is used in the system clock counter 34 as the 
initial value of a new STG time axis. 

Referring to FIG. 1 again, the ATG counter 13 
counts up the arrival time clock (hereafter referred to 
as ATG) in synchronization with the system clock 
frequency inputted from the PLL block 12 and, at the same 
time, outputs an arrival time stamp {arrival_time_stamp) 
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which is a sample value of ATC to a transport packet 
extra header (TP_extra_header ) adding block 15. In 
addition, the ATC counter 13 outputs the ATC to the 
stream analyzing block 11. It should be noted that the 
ATC is initialized to 0 when the transport packet located 
at the beginning of the program is inputted in the 
recording apparatus 10. 

The transport packet extra header adding block 15 
adds a transport packet extra header (4 bytes) including 
the arrival time stamp inputted from the counter 13 when 
the packet is inputted to the transport packet (118 
bytes) from the set top box to generate a source packet 
(192 bytes) and outputs it to a file system block 17. 

The stream database creating block 16 creates an 
entry point map, system time clock time axis information, 
program sequence information, and mark point information 
(each to be described later) by use of the entry point 
data, discontinuity point data, and mark point data 
inputted from the stream analyzing block 11 and outputs 
the created information to the file system block 17 as a 
stream database. The stream database is information to be 
used for the random access reproduction of the transport 
stream recorded on the data recording medium 21. 

The file system block 17 removes the intervals 

18 



between the source packets inputted from the transport 
packet extra header adding block 15 to generate a DVR 
transport stream as a file as shown in FIG. 2C. In 
addition, the file system block 17 creates a file of the 
stream database (entry point map, system time clock time 
axis information, program sequence information, and mark 
point information) inputted from the stream database 
creating block 16. Further, the file system block 17 
outputs the created DVR transport stream and stream 
database file to an error correction block 18. 

The error correction block 18 adds error correction 
information to the file inputted from the file system 
block 17 and outputs the resultant file to a modulator 19. 
The modulator 19 modulates the file from the error 
correction block 18 in a predetermined manner and outputs 
the modulated file to a writing block 20. The writing 
block 20 records the modulated DVR transport stream file 
to an address on the data recording medium 21 
corresponding to the packet number of the transport 
packet in the file. In addition, the writing block 20 
records the modulated stream database file to a 
predetermined position of the data recording medium 21. 
The data recording medium 21 is such a medium permitting 
random access as a hard disc or an optical disc for 
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example that can be attached to and detached from the 
recording apparatus 10. 

The controller 22 controls a drive 23 to read a 
control program from a magnetic disc 24, an optical disc 
25, a magneto - optical disc 26, or a semiconductor memory 
27, thereby controlling the components of the recording 
apparatus 10 on the basis of this control program and 
commands inputted by the user. 

The following describes the transport stream 
recording processing to be executed by the recording 
apparatus 10 with reference to the flowchart shown in FIG. 
4 . This transport stream recording processing starts when 
the user inputs a recording start command. 

In step SI, the transport packet extra header 
adding block 15 adds a transport packet extra header 
including an arrival time stamp inputted from the ATC 
counter to a transport packet inputted from a set top box 
for example to generate a source packet and outputs it to 
the file system block 17. 

The following describes the processing in which the 
arrival time stamp included in the transport packet extra 
header is generated with reference to the flowchart shown 
in FIG. 5. 

In step Sll, the stream analyzing block 11 detects 
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a PAT packet having PID of 0x0000 storing a PAT (Program 
Association Table) of the inputted transport stream to 
read the PAT, obtaining the PID of the packet (hereafter 
referred to as a PMT packet) storing a PMT (Program Map 
Table) described in the PAT. In step S12, the PMT packet 
is detected on the basis of the PID of the PMT packet 
obtained in step Sll to read the PMT, obtaining the PID 
of the packet (hereafter referred to as a PGR packet) 
storing the PGR described in the PMT. In step S13, the 
PGR is detected on the basis of the PID of the PGR packet 
obtained in step S12 to read the PGR. This PGR is 
supplied to the PLL block 12. 

In step S14, the PLL block 12 aligns the system 
clock frequency by use of the PGR inputted from the 
stream analyzing block 11 and supplies the aligned 
frequency to the ATG counter 13. In step S15, the ATG 
counter 13 counts up the ATG in synchronization with the 
system clock frequency from the PLL 12 and, at the same 
time, outputs the its sampling value to the transport 
packet extra header adding block 15 as an arrival time 
stamp . 

Referring to FIG. 4 again, the file system 17 
removes the intervals between the source packets inputted 
from the transport packet extra header adding block 15, 
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creates a file of the resultant DVR transport stream file, 
and outputs this file to the error correction block 18. 
In step S3, the error correction block 18 adds error 
correction information to the DVR transport stream file 
from the file system block 17. The modulator 19 modulates 
the error - corrected file. The writing block 20 records 
the modulated file to an address on the data recording 
medium 21 corresponding to the packet number. 

The following describes the stream database 
recording processing to be executed along with the above- 
mentioned transport stream recording processing, with 
reference to the flowchart shown in FIG. 6. 

In step S21, the stream analyzing block 11 analyzes 
sequentially inputted transport streams to detect a 
packet in which I picture data of the MPEG2 systems 
standard are stored, obtaining, as entry point data, the 
packet number of this packet and the PTS (Presentation 
Time Stamp) of this I picture. It should be noted that 
PTS is information included in the header of a PES packet 
of the MPEG2 systems standard and indicates a time along 
the system time clock time axis on which this picture is 
reproduced . 

The following describes specific processing of step 
S21 with reference to the flowchart shown in FIG. 7. In 
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step S31, the stream analyzing block 11 determines 
whether a transport packet has been inputted or not and 
waits until the transport packet is inputted. If the 
transport packet is found inputted, the stream analyzing 
block 11 goes to step S32. 

In step S32, the stream analyzing block 11 detects 
if 1 is written to a payload unit start indicator 
(payload_uni t_start_indicator) included in the transport 
packet header of the transport packet, thereby 
determining whether the payload of the transport packet 
starts from first byte of the PES packet. If 1 is 
detected in the payload unit start indicator and the 
payload of the transport packet is found starting from 
the first byte of the PES packet, then the stream 
analyzing block 11 goes to step 833. 

In step S33, the stream analyzing block 11 
determines whether 0x000001B3, the sequence header code 
( sequence_header_code) of MPEG video, is written to the 
beginning of the PES packet described in the payload of 
the transport packet. If the sequence header code of MPEG 
video is found written, the stream analyzing block 11 
determines that the I picture data are stored in the 
payload of this transport packet and goes to step S34. 

In step 834, the stream analyzing block 11 
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determines that this transport packet is an entry point, 
relates the packet number (by use of this packet number, 
the address on the data recording medium 21 at which this 
packet is recorded can be identified) of this transport 
packet to the PTS of the I picture stored in this 
transport packet, and outputs the resultant PTS and the 
identification information (video FID) of this program to 
the stream database creating block 16 as the entry point 
data . 

For example, as shown in FIG. 8, if the I picture 
data are found stored in the packets of packet numbers 
Ell, E12, E21, and E22, PTS = xll, xl2 , x21, and x22 are 
related to the packet numbers Ell, E12, E21, and E22 
respectively to be outputted to the stream database 
creating block 16. 

In step S35, the stream analyzing block 11 
determines whether the inputting of transport packets has 
come to an end or not. If the inputting of transport 
packets is found not ended, then the stream analyzing 
block 11 returns to step S31 to repeat the above- 
mentioned processing. If the inputting of transport 
packets is found ended, the stream analyzing block 11 
returns to step S22 shown in FIG. 6. 

In step S22, the stream analyzing block 11 outputs 
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the discontinuity information about transport stream STC 
time axis and the discontinuity information about program 
sequence to the stream database creating block 16 as 
discontinuity point data. As for the discontinuity 
information about STC time axis, the stream analyzing 
block 11 outputs the information (STC time axis ID, 
PCR_PID, start_PCR_value, end_STC_value , and 
RSPN_STC_start) about the STC time axis changing before 
and after the inputting of a discontinuity point 
occurrence flag from the PLL block 12 to the stream 
database creating block 16 as the discontinuity point 
data. As for the discontinuity information about PSI/SI, 
the stream analyzing block 11 outputs the changing 
address of PSI/SI and the contents of new PSI/SI to the 
stream database creating block 16 as the discontinuity 
point data. 

The following describes the discontinuity point 
data. STC time axis ID is information for identifying an 
STC time axis. A pair of s tart_PCR_value and 
end_STC_value indicate the start time and the end time of 
a continuous STC time axis respectively. 

For the start_PCR_value , the value of the PCR that 
caused STC discontinuity is used. However, for the first 
s tart_PCR_value of the inputted transport stream, the 
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value of the PGR stored in the first PGR packet is used. 

The end_STC_value is obtained from the following 
equation : 

end_STC_value = las t_PGR+PCR_gap 

where, last_PCR is the value of the PGR packet 
immediately before the PGR packet that changed the STC 
time axis. PCR_gap is a time difference between the 
last_PCR and the occurrence of STC discontinuity. However, 
for the last end_STC_value of the inputted transport 
stream, the input time of the last transport packet is 
used. 

For RSPN_STG_s tart , the packet number of a packet 
at which STC starts is used. To be more specific, the 
packet number of the PGR packet in which PGR providing 
s tart_PGR_value is used. Here, RSPN stands for Relative 
Packet Number, indicating a relative packet number which 
is counted with a packet number given to the head packet 
of the transport stream being an initial value. 
Alternatively, a packet number given at detection of STG 
discontinuity, a packet number given at detection of a 
change in the packet ID of a PGR packet, a packet number 
given at detection of 1 in discontinui ty_indicator of the 
header of a transport packet, or a packet number given at 
detection of a DIT packet may be used for RSPN_STC_s tart . 
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To be more specific, as shown in FIG. 9, if STC 
discontinuity occurred once in a sequence of transport 
streams and the STC time axis from the beginning of the 
transport stream to the discontinuity occurrence point is 
STCl and the STC time axis thereafter is STC2, then, for 
the start_PCR_value of the STC time axis STCl, start_PCRl 
is used and, for the end_STC_value , the end_stcl obtained 
by adding PCR_gap to the last_PCR is used. For the 
start_PCR_value of the STC time axis STC2 , the start_PCR2 
is used and. for the end_STC_value , the end_stc2 is used. 

As seen from FIGS. 9 and 10, regardless of the STC 
discontinuity, the ATC to be generated by the ATC counter 
13 is continuous regardless of the STC discontinuity. 
However, referring to FIG. 10, the lateral axis indicates 
ATC and the vertical axis indicates the STC, indicating a 
relationship between start_PCR_value and end_STC_value . 

The following describes the processing for 
analyzing the discontinuity information about the program 
sequence with reference to the flowchart shown in FIG. 11. 

In step S41, the stream analyzing block 11 waits 
until the transport packets of PSI/SI are inputted. When 
the transport packets of PSI/SI have been inputted, the 
stream analyzing block 11 goes to step S42 . 

To be specific, the transport packets of PSI/SI are 
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packets of PAT, PMT, and SIT. SIT is a transport packet 
describing service information of a partial transport 
stream specified by the DVB standard. 

In step S42, the stream analyzing block 11 
determines whether a change occurred in the contents of 
PSI/SI. Namely, the stream analyzing block 11 determines 
whether the contents of each of PAT, PMT, and SIT 
differed from those inputted previously. If a change is 
found, the stream analyzing block goes to step 843. It 
should be noted that, in the first step S42 after the 
recording started, the stream analyzing block also goes 
to step S43 because there is no PSI/SI transport packet 
inputted before. 

In step S43, the stream analyzing block acquires 
the packet number given to the transport packet for 
transporting new PSI/SI and the contents thereof and 
outputs the packet number and the contents to the stream 
database creating block 16. In step S44, the stream 
database creating block 16 creates the discontinuity 
information of the program sequence. 

In step S45, the stream analyzing block 11 
determines whether the inputting of the transport packets 
has been completed. If the inputting is found not 
completed, the stream analyzing block returns to step S41 
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to repeat the processing mentioned above. If the 
inputting is found completed in step S45, this processing 
comes to an end. 

If no change is found in the contents of PSI/SI in 
step S42, then the stream analyzing block returns to step 
S41 to repeat the processing mentioned above. 

Referring to FIG. 6 again, the stream analyzing 
block 11 analyzes the header and payload of each 
sequentially inputted transport packet in step S23 to 
detect a mark point (for example, scene change position, 
commercial start and end positions, and so on) and 
outputs the information for identifying the packets 
storing their image data (identification information 
(video PID) of this program, system time clock time axis 
ID, and PTS of this picture) to the stream database 
creating block 16 as the mark point data. 

It should be noted that the processing operations 
from step S21 to step S23 were described in the order of 
time for the convenience of description. Actually, 
however, these processing operations are executed in 
parallel for each of the inputted transport packets. 

In step S24, the stream database creating block 16 
creates an entry point map as shown in FIG. 12 that 
describes the entry point data from the stream analyzing 
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block 11 for each program. It should be noted that the 
offset source packet number is a packet number assigned 
to the first packet of the transport stream. 

The stream database creating block 16 also creates 
system time clock time axis information composed of 
system time clock time axis ID (STC_sequence_id) , PCR_PID, 
s tart_PCR_value , end_STC_value , and RSPN_STC_start as 
shown in FIG. 13. RSPN_STC_s tart is a packet number which 
is counted with the above-mentioned offset source packet 
number being the initial value. 

Moreover, the stream database creating block 16 
creates mark point information describing the mark point 
data (video PID, system time clock time axis ID, and PTS 
of image) supplied from the stream analyzing block 11. 

In addition, the stream database creating block 16 
creates program sequence information which describes the 
discontinuity point data (details to be described) of the 
program sequence supplied from the stream analyzing block 
11 . 

In step S25, the stream analyzing block 16 outputs 
the entry point map, the system time clock time axis 
information, and the mark point information created in 
step S24 to the file system block 17 as the stream 
database. The file system block 17 creates a file of the 
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inputted stream database. The stream database file is 
added with error correction information by the error 
correction block 18, the error - corrected stream database 
is modulated by the modulator 19, and the modulated 
stream database is recorded by the writing block 20 onto 
the data recording medium 21 at a predetermined position. 

As described, the stream database recorded on the 
data recording medium 21 is used for the reproduction 
processing to be described later, especially for random 
access reproduction. 

It should be noted that the entry point map of the 
stream database describes the packet number as the 
information for identifying the position of the entry 
point, thereby reducing the number of required bits as 
compared with the representation of the entry point 
position by an address of byte -precision . 

Referring to FIG. 14, there is shown a first 
example of the an STC discontinuity information syntax. 

STC_Info() denotes that this syntax provides STC 
discontinuity point information. STC_Info() has STC time 
axis information in the number indicated by 
num_of_STC_sequences . STC_sequence_id denotes STC time 
axis ID (refer to FIG. 13) . Fields PCR_PID, 
RSPN_STC_start , s tart_PCR_value , and end_s tc_value have 
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the same meanings as those of the corresponding variable 
names shown in FIG. 13. 

Referring to FIG. 15, there is shown a second 
example of an STC discontinuity information syntax. 
STC_Info() has STC time axis information in the number 
indicated by num_of _STC_seq-uences . STC_sequence_id 
denotes STC time axis ID (refer to FIG. 13) . 
Of f set_STC_sequence_id is STC time axis ID given to head 
STC time axis of the transport stream. The fields of 
RSPN_STC_start have the same meanings as those of the 
corresponding variable names shown in FIG. 13. 

This syntax uses start_PTS and end_PTS instead of 
start_PCR_value and end_STC_value used in the syntax 
shown in FIG. 14. start_PTS denotes the PTS of the first 
presentation unit on the STC time axis ID indicated by 
STC_sequence_id. end_PTS denotes the PTS of the last 
presentation unit on the STC time axis ID indicated by 
STC_sequence_id . 

It should be noted that PCR_PID is omitted from the 
syntax shown in FIG. 15 by limiting the format to only 
one PCR_PID that is referenced by the transport stream to 
be recorded. 

Referring to FIG. 16, there is shown a first 
example of a discontinuity information syntax of the 
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program sequence. 

ProgramlnfoO indicates that this syntax is program 
sequence discontinuity information. ProgramlnfoO has 
PSI/SI information in the number indicated by 
number_of_PSI_SI change. PSI_SI_type indicates the type 
of following PSI/SI. It should be noted that 
PSI_SI_type=0 denotes PAT, PSI_SI_type=l denotes PMT, and 
PSI_SI_type=2 denotes SIT. PSI_SI_type= 3 to 255 denotes 
reserve . 

If PSI_SI_type indicates PAT, a field of 
start_PAT_address follows. The s tart_PAT_address denotes 
an address on the DVR transport stream file of the 
transport packet in which new PAT is stored and is 
represented in packet number. 

If PSI_SI_type indicates PMT, fields of video_PID 
equal to the number indicated in each of program_map_PlD , 
s tart_PMT_address , program_number , PCR_PID, 
number_of_videos , number_of_audios , and number_of _videos 
and fields of audio_PID and AudioCodingInf o ( ) equal to 
the number indicated by VideoCodingInf o ( ) and 
number_of_audios follow. 

program_map_PID is the packet ID of new PMT. The 
start_PMT_address is an address on the DVR transport 
stream file of the transport packet in which new PMT is 
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stored and is represented in packet number. The 
program_n -umber is a program number written in the 
contents of new PMT . The PCR_PID is the packet ID of the 
transport packet for transporting the PCR written in the 
content of new PMT. The number_of _videos is the number of 
video streams written in the content of new PMT. The 
video_PID is the packet ID of the transport packet for 
transporting video streams. 

VideoCodingInf o { ) denotes coding information of 
that video stream; for example, it includes information 
indicating whether video is SDTV or HDTV and information 
indicating video frame frequency and pixel aspect ratio. 
number_of_audios denotes the number of audio streams 
written in the contents of new PMT. audio_PID is the 
packet ID of a transport packet for transmitting the 
audio stream. 

AudioCodingInf o ( ) is coding information of that 
audio stream; for example, it includes information about 
audio coding method (MPEGl audio, MPEG2AAC audio, or 
Dolby ACS for example), component type (2 -channel stereo 
or 5 . Ich-multichannel stereo for example), and sampling 
frequency . 

If PSI_SI_type indicates SIT, a field of 
start_SIT_address follows. The start_SIT_address is an 
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address on the DVR transport stream file of the transport 
packet in which new SIT is stored and is represented in 
packet number. 

Referring to FIG. 17, there is shown a second 
example of Programinf o ( ) syntax. This syntax can be used 
to limit the format only to one PCR_PID which is 
referenced by the transport stream to be recorded. In 
this format, a time interval having the following 
characteristics (1) through (3) in the transport stream 
is called program_sequence . 

(1) PCR_PID value remains unchanged. 

(2) The number of video elementary streams remains 
unchanged. And the PID value for each video stream and 
the coding information defined by VideoCodingInf o remains 
unchanged . 

(3) The number of audio elementary streams remains 
unchanged. And the PID value for each audio stream and 
the coding information defined by AudioCodingInf o remains 
unchanged . 

program_sequence has only one system time base at 
one time. In addition, program_sequence has only one PMT 
at one time. Programinf o { ) stores the address of a 
location at which program_s€quence starts. 

RSPN_program_sequence_start indicates this address. Its 
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value may only indicate the source packet number of the 
boundary at which the above - defined program_sequence 
changes. For example, the above-mentioned 

start_PMT_address (the address of the transport packet in 
which new PMT is stored) may be set. 

FIG. 18 shows an example of program_sequence . In 
this example, the contents of program_sequence change 
twice halfway in the transport stream, so that there are 
three program_sequences . The start source packet number 
(address) and the source packet numbers (addresses) at 
the change points of program_sequence are stored in 
RSPN_program_sequence_start . 

Referring to FIG. 19, there is shown an example of 
entry point map syntax. 

EntryPointMap ( ) indicates that this syntax is for 
an entry point map. EntryPointMap ( ) has the entry point 
information for each of video_PIDs in the number 
indicated by the number_of_video streams. The video_PID 
is the packet ID of the transport packet for transporting 
video streams. The number_of _entry_point s indicates the 
number of entry points of this video stream. The 
PTS_EP_start and RSPN_EP_s tart have the same meanings as 
the PTS of the entry point and the address of the entry 
point respectively shown in FIG. 12. 
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Referring to FIG. 20, there is shown a mark syntax. 
ClipMark denotes that the syntax concerned is the syntax 
of mark. version_number represents four characters 
indicative of the version number of the ClipMark () . 
length is 32 -bit unsigned integer indicative of the 
number of bytes of ClipMark () from immediately behind the 
length field to the last of ClipMarkO. 
number_of_Clip_marks is a 16 -bit unsigned integer 
indicative of the number of marks stored in ClipMark. 
number_of_Clip_marks may be zero. mark_type is an 8 -bit 
field indicative of mark type, indicating a type such as 
CM start and end. mark_t ime_s tamp having a 32 -bit field 
stores a time stamp indicative of the point at which mark 
is specified. mark_t ime_s tamp must indicate the high- 
order 32 bits of the 33 -bit PTS corresponding to the 
presentation unit referenced by mark. STC_sequence having 
an 8 -bit field indicates STC_sequence_id of the STC 
continuous interval in which mark is placed. 

FIG. 21 shows an example in which marks such as the 
access point of the in-point or out-point for a recorded 
transport stream file (DVR transport stream file) and the 
start or end point of CM are represented in values of 
STC_sequence_id and PTS. The in-point and out-point are 
the start point and end point of reproduction 
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respectively. 

Because the transport stream to be recorded may 
include an STC discontinuity point, PTSs having the same 
value may appear in that transport stream. Therefore, if 
the access point for the transport stream to be recorded 
is set on a PTS basis, the PTS value alone is not enough 
for identifying the access point. For the identification, 
the STC time axis ID in which the PTS is included is used 
together . 

The following describes the relationship between 
EntryPointMap and STC_Info. EntryPointMap about the video 
stream to be referenced by one video_PID, which is the 
database attached to the file of the transport stream to 
be recorded is created in one table regardless of STC 
discontinuity point. Comparison between the value of 
RSPN_EP_start and the value of RSPN_STC_start defined in 
STC_Info() indicates the boundary of the data of EP_map 
belonging to each STC_sequence . 

In an example shown in FIG. 22, address X21 of 
EntryPoint included in EntryPointMap is greater than 
RSPN_STC_start#2 , which is the start address of the STC 
time axis indicated by STC_Info() . Entry point data 
before address Xln of EntryPoint belong to the STC time 
axis of STC_sequence#l . The entry point data after 
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address X21 belong to the STC time axis of STC_sequence#2 . 

FIG. 23 shows an exemplary configuration of a 
reproducing apparatus 40 for reproducing DVR transport 
streams from the data recording medium 21 on which DVR 
transport streams and stream database files are recorded 
by the recording apparatus 10. 

The reproducing apparatus 40 also has a capability 
of adding user - specif led mark points (the position of a 
scene that the user liked during viewing, the position at 
which viewing discontinued, and so on) to the mark point 
information included in the stream database recorded on 
the data recording medium 21 and recording the added mark 
points thereto. 

A reading block 41, upon receiving a read control 
signal inputted from a controller 49, reads data 
corresponding to a DVR transport stream file or a stream 
database file from the data recording medium 21 and 
outputs the read data to a demodulator 42. The 
demodulator 42 performs demodulation, as corresponding to 
the modulator 19 shown in FIG. 1, on the data inputted 
from the reading block 41 and outputs the demodulated 
data to an error correction block 43 . The error 
correction block 43 executes error correction on the data 
on the basis of the error correction information given by 
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the error correction block 18 shown in FIG. 1 and outputs 
the resultant DVR transport stream file or stream 
database file to a file system block 44. 

The file system block 44 separates the DVR 
transport stream file inputted from the error correction 
block 43 into source packets and outputs them to a buffer 
45. The file system block 44 also supplies the stream 
database inputted from the error correction block 43 to 
the controller 49. 

The buffer 45 outputs, to a demultiplexer 46, the 
transport packet obtained by removing the transport 
packet extra header from that source packet when the 
arrival time stamp included in the transport packet extra 
header of the source packet becomes equal to the ATC 
supplied from a clock oscillator 48. 

The demultiplexer 46 extracts the video packet and 
the audio packet corresponding to a user - specif ied 
program from the transport packet inputted from the 
buffer 45 and outputs the extracted packets to an AV 
decoder 47. The AV decoder 47 decodes the video packet 
and the audio packet supplied from the demultiplexer 46 
and outputs the resultant video signal and audio signal 
to a subsequent stage. The clock oscillator 48 generates 
the ATC of 27 MHz and outputs it to the buffer 45. 
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The controller 49 controls a drive 51 to read a 
control program from a magnetic disc 52, an optical disc 
53, a magneto-optical disc 54, or a semiconductor memory 
55, thereby controlling each component of the reproducing 
apparatus 40 on the basis of the control program and the 
commands inputted by the user. 

When a command for specifying a new mark point is 
inputted by the user, the controller 49 converts the 
position of the new mark point into mark point data 
(video PID, system time clock time axis ID, and PTS of 
image) and outputs the mark point data to the writing 
block 50- 

The writing block 50 adds the mark point data 
inputted from the controller 49 to the mark point 
information included in the stream database recorded on 
the data recording medium 21 and records the mark point 
data thereon. 

The following describes the reproduction processing 
by the reproducing apparatus 40 with reference to the 
flowchart shown in FIG. 24. This reproduction processing 
starts when the commands for specifying a reproduction 
program and starting the reproduction processing are 
inputted by the user. 

In step S51, the stream database for the 
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reproduction program is read by the reading block 41 from 
the data recording medium 21, the stream database is 
processed by the demodulator 42 through the file system 
block 44, and the resultant stream database is supplied 
to the controller 49. In step S52, reproduction start 
position data (video PID, STC time axis ID, and PTS of 
image) are inputted by the user into the controller 49. 
It should be noted that, for the position from which 
reproduction starts, the mark point in the mark point 
information included in the stream database may be 
specified. 

In step S53, the controller 49 compares the 
reproduction start position inputted in step S52 with the 
stream database obtained in step S51 to detect the entry 
point nearest to the reproduction start position. By use 
of the packet number written in the detected entry point, 
the controller computes the read start address of the DVR 
transport stream. 

In step S54, the reading block 41, under the 
control by the controller 49, starts reading the DVR 
transport stream from the read start address on the data 
recording medium 21 determined in step S53 . The DVR 
transport stream is processed by the demodulator 42 
through the demultiplexer 46 and the resultant video 
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packet and audio packet are inputted in the AV decoder 47. 

In step S55, the AV decoder 47 decodes the video 
packet and audio packet supplied from the demultiplexer 
46 and outputs the resultant video signal and audio 
signal to a monitor (not shown) for example. 

In step S56, the controller 49 determines whether a 
change in the reproduction position for random access 
reproduction for example has been specified by the user. 
If the change is found specified, the controller returns 
to step S53 to determine the read start address, 
repeating the processing mentioned above. 

If no change is found specified in step S56, the 
controller goes to step S57 . In step S57, the controller 
49 determines whether the end of reproduction has been 
specified by the user. If the end of reproduction is 
found not specified, the controller returns to step S54 
to repeat the processing mentioned above. Then, if the 
end of reproduction is found specified, this reproduction 
processing comes to an end. 

Next, the reproduction by use of mark point 
information will be described. Assume, for example, as 
shown in FIGS. 25A through 25C, that a DVR transport 
stream file and its database, EntryPointMap , ClipMark, 
and STC_Info, are recorded. 
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First, cued reproduction processing of a scene 
indicated by mark point will be described with reference 
to the flowchart shown in FIG. 26. 

In step S71, EntryPointMap, STC_Info, Program_Inf o , 
and ClipMark, which are the database of the DVR transport 
stream file, are read. In step S72, the specification of 
the mark point for a reproduction start point by the user 
is accepted. For example, a thumbnail image indicative of 
the start point of the scene is displayed on a menu 
screen, in which the mark point related to the thumbnail 
image selected by the user is accepted. 

In step S73, the PTS and STC_sequence_id of the 
mark point specified by the user are obtained. In step 
S74, the source packet number at which the STC time axis 
corresponding to STC_sequence_id is obtained from 
STC_Info. In step S75, the source packet number which is 
temporally before the PTS of the mark point and has the 
nearest entry point is obtained from the packet number at 
which STC time axis starts and the PTS of the mark point. 

In step S76, transport stream data are read from 
the source packet number obtained in step S75 and 
supplied to the AV decoder 47. In step S77, the AV 
decoder 47 starts displaying the transport stream data 
beginning with the picture of the PTS of the mark point. 
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The following specifically describes the processing 
for displaying a picture matching PTS (aO) of CM start 
point (CMstart) shown in FIGS. 25A through 25C for 
example. It is assumed that the CM start point be on the 
STC time axis with STC_sequence_id being idO and the 
source packet number at which the STC time axis starts be 
smaller than A. If PTS (A) > PTS(aO) for example, packet 
number A is obtained in step S75. Then, in step S76 the 
transport stream starting with packet number A is 
supplied to the AV decoder 47 to be decoded, upon which 
display starts with the picture corresponding to PTS(aO) 
in step S77. 

Next, CM skip reproduction processing by use of 
mark point information will be described with reference 
to the flowchart shown in FIG. 27. 

In step S81, EntryPointMap, STC_Info, Program_Inf o , 
and ClipMark, which are the database of the DVR transport 
stream file, are read. In step S82, the specification of 
CM skip reproduction by the user is accepted. In step S83, 
the PTS and STC_sequence_id of each piece of mark 
information with mark type being CM start point or CM end 
point (CMend) are obtained. 

In step S84, the source packet number at which the 
STC time axis corresponding to STC_sequence_id of CM 
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start point is obtained. In step S85, the decoding of the 
transport stream starts. 

In step S86, it is determined whether the currently 
displayed image is one corresponding to the PTS of the CM 
start point. If the decision is no, then, in step S87, 
the current image is displayed. The processing goes back 
to step S85 to repeat the subsequent operations mentioned 
above. If the decision is yes in step S86, then, in step 
S88, the decoding and the displaying of the image are 
stopped. 

In step S89, from the packet number at which the 
STC time axis of CM end point and the PTS of the CM end 
point, the source packet number having an entry point 
which is nearest to and temporally before the PTS of the 
end point is obtained. In step S90, the data of the 
transport stream are read from the source packet number 
obtained in step S89 and supplied to the AV decoder 47. 
In step 891, the AV decoder 47 restarts the display 
beginning with the picture corresponding to the PTS of 
the CM end point. 

The following specifically describes a CM skip 
operation shown in FIGS. 25A through 25C for example. It 
is assumed that CM start point and CM end point be on the 
STC time axis with the same STC_sequence_id being idO and 
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the source packet number at which the STC time axis 
starts be smaller than A. 

If the display time becomes PTS(aO) in step S86 
when the transport stream is being decoded, the decoding 
and the displaying are stopped. Then, if PTS (C) < PTS(cO) 
for example, decoding starts with a stream which begins 
with the data having packet number C in step S90. In step 
S91, the displaying restarts with a picture corresponding 
to PTS (cO) . 

The following describes a method of using 
Programlnfo at the time of reproduction. It is effective 
for the reproduction system to know the information about 
the program content included in the stream, namely the 
PID of the packet transmitting a video or audio 
elementary stream and a video or audio component type 
(for example, HDTV video stream or MPEG2 AAC audio 
stream) before the DVR transport stream is reproduced. 

These pieces of information are helpful in creating 
a menu screen for describing the contents of the recorded 
transport stream to the user or initializing the AV 
decoder 47 and the demultiplexer 46 before decoding the 
stream . 

The program content may change as shown in FIG. 18 
halfway in the transport stream to be recorded. For 
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example, it is possible that the PID of the packet for 
transmitting a video stream changes or the contents of 
the video stream change from SDTV to HDTV. Programlnfo 
stores an address (a source packet number) at which 
program contents change halfway in the stream. When a 
reproduction start time is specified, the reproduction 
system checks the source packet number at which the 
reading starts and can know the program content stored at 
that address from Programlnfo in advance. 

As described, in the reproduction processing, 
reproduction starts with the entry point (I picture 
position) described in the entry point map included in 
the stream database, thereby controlling the reading 
positions easily and quickly. 

In the present embodiment, the configurations of 
the recording apparatus 10 and the reproducing apparatus 
40 are shown separately. It will be apparent that the 
recording apparatus 10 and the reproducing apparatus 40 
may be combined into one apparatus. 

It should be noted that the above-mentioned 
sequence of processing operations may be executed by not 
only hardware but also software. To execute the above- 
mentioned sequence of processing operations by software, 
the programs constituting that software are installed 
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from a recording medium into a computer built in 
dedicated hardware or into a general -purpose personal 
computer capable of executing various functions. 

This recording medium is constituted by not only a 
package medium made up of the magnetic disc 24 (including 
a floppy disc), the optical disc 25 (including a CD-ROM 
(Compact Disc Read Only Memory) and a DVD (Digital 
Versatile Disc), the magneto - optical disc 26 (including 
an MD (Mini Disc) , or the semiconductor memory 27 shown 
in FIG. 1 which is distributed to provide programs to 
users separately from a computer, but also a computer- 
incorporated ROM hard disc in which programs are stored 
for provision to users. 

It should be noted that, in the present 
specification, the steps for describing the program to be 
recorded in a recording medium include not only the 
processing operations to be executed sequentially in time 
but also the processing operations to be executed in 
parallel or discretely. 

It should also be noted that, in the present 
specification, a system denotes an apparatus in its 
entirety consisting of two or more devices. 

As described and according to the transport stream 
recording apparatus and method and the program stored in 
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the first program recording medium associated with the 
invention, discontinuity point information is recorded on 
a data recording medium as a database corresponding to a 
transport stream. This novel constitution allows the 
recording of transport streams so that prompt random 
access reproduction in response to user commands is 
realized . 

In addition, according to the transport stream 
recording apparatus and method and the program stored in 
the second program recording medium associated with the 
invention, the reading of transport packets is started by 
use of a database corresponding to a transport stream. 
This novel constitution also realizes prompt random 
access reproduction in response to user commands. 

While the preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is 
to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
appended claims. 
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What is claimed is: 

1. A transport stream recording apparatus for 
recording a transport stream on a recording medium, 
comprising : 

a detector for detecting, from a transport packet 
constituting said transport stream, a discontinuity point 
in said transport stream; 

a discontinuity point information generator for 
generating discontinuity point information in accordance 
with said discontinuity point; and 

a recording unit for recording said transport 
packet onto said recording medium along with said 
discontinuity point information. 

2 . A transport stream recording apparatus 
according to claim 1, wherein said detector comprising: 

a first extracting block for extracting reference 
time information located in said transport stream; 

a time information generator for generating system 
time information on the basis of said reference time 
information; and 

a time discontinuity detector for detecting 
occurrence of discontinuity in said reference time 
information . 

3. A transport stream recording apparatus 
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according to claim 2, wherein said discontinuity point 
information generator generates, as said discontinuity- 
information, time axis identification information for 
identifying a time axis and positional information 
corresponding to a start time of said time axis. 

4. A transport stream recording apparatus 
according to claim 3, wherein said discontinuity point 
information generator generates, as said time axis 
identification information, said system time information 
corresponding to a start time of said time axis and said 
system time information corresponding to an end time of 
said time axis. 

5. A transport stream recording apparatus 
according to claim 3, wherein said discontinuity point 
information generator generates, as said time axis 
identification information, said system time information 
corresponding to a display start time on said time axis 
and said system time information corresponding to a 
display end time on said time axis. 

6. A transport stream recording apparatus 
according to claim 2, wherein said reference time 
information is a program clock reference and said system 
time information is a system time clock. 

7. A transport stream recording apparatus 
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according to claim 1, wherein said detector comprising: 
a second extracting block for extracting, on the 
basis of program information arranged in said transport 
stream, a point at which program content changes. 

8. A transport stream recording apparatus 
according to claim 7, wherein said discontinuity point 
information generator generates positional information 
corresponding to said point at which said program content 
changes . 

9. A transport stream recording apparatus 
according to claim 8, wherein said discontinuity point 
information generator generates at least one of a packet 
identifier of a packet for transmitting a program map, a 
packet identifier of a packet for transmitting a program 
clock reference, a packet identifier of a packet for 
transmitting a video stream, coded information of the 
video stream, a packet identifier of a packet for 
transmitting audio stream, and coded information of the 
audio stream. 

10. A transport stream recording apparatus 
according to claim 1 further comprising: 

a first analyzer for extracting, from said 
transport packets, a transport packet including data that 
may provide a reproduction start position; and 
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an entry point map generator for generating an 
entry point map for identifying said transport packet 
including said data; 

wherein said recording unit records, along with 
said discontinuity point information, said entry point 
map on said recording medium as said database 
corresponding to said transport stream. 

11. A transport stream recording apparatus 
according to claim 10, wherein said first analyzer 
extracts a transport packet including I picture data as 
said transport packet including said data that may 
provide said reproduction start position and 

said entry point map generator generates said entry 
point map by use of positional information of said 
transport packet including said I picture data and time 
information of said I picture. 

12. A transport stream recording apparatus 
according to claim 1 further comprising: 

a second analyzer for extracting a transport packet 
including data that provide a mark point from said 
transport packets; and 

a mark point information generator for generating 
mark point information for identifying said transport 
packet including said data that provide said mark point; 
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wherein said recording unit records said mark point 
information on said recording medium as said database 
corresponding to said transport stream along with said 
discontinuity point information. 

13 . A transport stream recording apparatus 
according to claim 12, wherein said mark point 
information generator generates said mark point 
information by use of time information of said mark point 
and time axis identification information for identifying 
a time axis to which said time information belongs. 

14 . A transport stream recording apparatus 
according to claim 13, wherein said time information is a 
presentation time stamp. 

15. A transport stream recording method for 
recording a transport stream on a recording medium, 
comprising the steps -of: 

detecting, from a transport packet constituting 
said transport stream, a discontinuity point in said 
transport stream; 

generating discontinuity point information in 
accordance with said discontinuity point; and 

recording said transport packet onto said recording 
medium along with said discontinuity point information. 

16. A transport stream recording method according 
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to claim 15, wherein said detecting step comprising the 
steps of: 

extracting reference time information located in 
said transport stream; 

generating system time information on the basis of 
said reference time information; and 

detecting occurrence of discontinuity in said 
reference time information. 

17. A transport stream recording method according 
to claim 16, wherein said discontinuity point information 
generating step comprising the step of: 

generating, as said discontinuity information, time 
axis identification information for identifying a time 
axis and positional information corresponding to a start 
time of said time axis. 

18 . A transport stream recording method according 
to claim 17, wherein said discontinuity point information 
generating step comprising the step of generating, as 
said time axis identification information, said system 
time information corresponding to a start time of said 
time axis and said system time information corresponding 
to an end time of said time axis. 

19 . A transport stream recording method according 
to 17, wherein said discontinuity point information 
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generating step comprising the step of: 

generating, as said time axis identification 
information, said system time information corresponding 
to a display start time on said time axis and said system 
time information corresponding to a display end time on 
said time axis. 

20. A transport stream recording method according 
to claim 16, wherein said reference time information is a 
program clock reference and said system time information 
is a system time clock. 

21. A transport stream recording method according 
to claim 15, wherein said detecting step comprising the 
step of : 

extracting, on the basis of program information 
arranged in said transport stream, a point at which 
program content changes. 

22. A transport stream recording method according 
to claim 21, wherein said discontinuity point information 
generating step comprising the step of: 

generating positional information corresponding to 
said point at which said program content changes. 

23. A transport stream recording method according 
to claim 22, wherein said discontinuity point information 
generating step comprising the step of: 
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generating at least one of a packet identifier of a 
packet for transmitting a program map, a packet 
identifier of a packet for transmitting a program clock 
reference, a packet identifier of a packet for 
transmitting a video stream, coded information of the 
video stream, a packet identifier of a packet for 
transmitting audio stream, and coded information of the 
audio stream. 

24. A transport stream recording method according 
to claim 15, further comprising the steps of: 

extracting, from said transport packets, a 
transport packet including data that may provide a 
reproduction start position; and 

generating an entry point map for identifying said 
transport packet including said data; 

wherein said recording step records, along with 
said discontinuity point information, said entry point 
map on said recording medium as said database 
corresponding to said transport stream. 

25 . A transport stream recording method according 
to claim 24, wherein said extracting step comprising the 
steps of: 

extracting a transport packet including I picture 
data as said transport packet including said data that 
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may provide said reproduction start position and 
generating said entry point map by use of 
positional information of said transport packet including 
said I picture data and time information of said I 
picture . 

26. A transport stream recording method according 
to claim 15, further comprising the steps of: 

extracting a transport packet including data that 
provide a mark point from said transport packets; and 

generating mark point information for identifying 
said transport packet including said data that provide 
said mark point; 

wherein said recording step records said mark point 
information on said recording medium as said database 
corresponding to said transport stream along with said 
discontinuity point information. 

27. A transport stream recording method according 
to claim 26, wherein said mark point information 
generating step comprising the step of: 

generating said mark point information by use of 
time information of said mark point and time axis 
identification information for identifying a time axis to 
which said time information belongs. 

28. A transport stream recording method according 
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to claim 27, wherein said time information is a 
presentation time stamp. 

29. A program recording medium recording a 
computer -readable program for recording an inputted 
transport stream on a data recording medium, said program 
comprising the steps of: 

detecting, from a transport packet constituting 
said transport stream, a discontinuity point in said 
transport stream; 

generating discontinuity point information in 
accordance with said discontinuity point; and 

recording said transport packet onto said recording 
medium along with said discontinuity point information. 

30. A program recording medium according to claim 

29, wherein said detecting step comprising the steps of: 

extracting reference time information located in 
said transport stream; 

generating system time information on the basis of 
said reference time information; and 

detecting occurrence of discontinuity in said 
reference time information. 

31. A program recording medium according to claim 

30, wherein said discontinuity point information 
generating step comprising the step of: generating, as 



said discontinuity information, time axis identification 
information for identifying a time axis and positional 
information corresponding to a start time of said time 
axis . 

32. A program recording medium according to claim 
31, wherein said discontinuity point information 
generating step comprising the step of generating, as 
said time axis identification information, said system 
time information corresponding to a start time of said 
time axis and said system time information corresponding 
to an end time of said time axis. 

33. A program recording medium according to 31, 
wherein said discontinuity point information generating 
step comprising the step of: 

generating, as said time axis identification 
information, said system time information corresponding 
to a display start time on said time axis and said system 
time information corresponding to a display end time on 
said time axis. 

34. A program recording medium according to claim 
30, wherein said reference time information is a program 
clock reference and said system time information is a 
system time clock. 

35. A program recording medium according to claim 
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29, wherein said detecting step comprising the step of: 

extracting, on the basis of program information 
arranged in said transport stream, a point at which 
program content changes. 

36. A program recording medium according to claim 

34, wherein said discontinuity point information 
generating step comprising the step of: 

generating positional information corresponding to 
said point at which said program content changes. 

37. A program recording medium according to claim 

35, wherein said discontinuity point information 
generating step comprising the step of: 

generating at least one of a packet identifier of a 
packet for transmitting a program map, a packet 
identifier of a packet for transmitting a program clock 
reference, a packet identifier of a packet for 
transmitting a video stream, coded information of the 
video stream, a packet identifier of a packet for 
transmitting audio stream, and coded information of the 
audio stream. 

38. A program recording medium according to claim 
29, further comprising the steps of: 

extracting, from said transport packets, a 
transport packet including data that may provide a 
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reproduction start position; and 

generating an entry point map for identifying said 
transport packet including said data; 

wherein said recording step records, along with 
said discontinuity point information, said entry point 
map on said recording medium as said database 
corresponding to said transport stream. 

39. A program recording medium according to claim 
37, wherein said extracting step comprising the steps of: 

extracting a transport packet including I picture 
data as said transport packet including said data that 
may provide said reproduction start position and 

generating said entry point map by use of 
positional information of said transport packet including 
said I picture data and time information of said I 
picture . 

40. A program recording medium according to claim 
29, further comprising the steps of: 

extracting a transport packet including data that 
provide a mark point from said transport packets; and 

generating mark point information for identifying 
said transport packet including said data that provide 
said mark point; 

wherein said recording step records said mark point 



information on said recording medium as said database 
corresponding to said transport stream along with said 
discontinuity point information. 

41. A program recording medium according to claim 

40, wherein said mark point information generating step 
comprising the step of: 

generating said mark point information by use of 
time information of said mark point and time axis 
identification information for identifying a time axis to 
which said time information belongs. 

42 . A program recording medium according to claim 

41, wherein said time information is a presentation time 
stamp . 

43. A transport stream reproducing apparatus for 
reproducing a transport stream recorded on a recording 
medium, comprising: 

a reproducing unit for reproducing said transport 
stream from said recording medium; 

a reproduction controller for executing control 
such that time axis identification information of said 
transport stream and an entry point map are reproduced 
from said recording medium; and 

a controller for searching said time axis 
identification information and said entry point map for a 
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reproduction start position; 

wherein said reproduction controller controls said 
reproducing unit such that said recording medium is read 
in accordance with said reproduction start position. 

44 . A transport stream reproducing method for 
reproducing a transport stream from a recording medium, 
comprising the steps of: 

reproducing time axis identification information of 
said transport stream and an entry point map from said 
recording medium; 

searching said time axis identification information 
and said entry point map for a reproduction start 
position; and 

reading said recording medium in accordance with 
said reproduction start position. 

45. A program recording medium recording a 
computer -readable program for reproducing a transport 
stream from a recording medium, said program comprising 
the steps of: 

reproducing time axis identification information of 
said transport stream and an entry point map from said 
recording medium; 

searching said time axis identification information 
and said entry point map for a reproduction start 
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position; and 

reading said recording mediuin in accordance with 
said reproduction start position. 

46. A transport stream recording apparatus 
comprising : 

an input unit in which a transport stream is 
inputted ; 

a generator for generating reproduction management 
information in a unit of an interval in which a PCR_PID 
value in said transport stream does not change; and 

a recording unit for recording said reproduction 
management information along with said transport stream. 

47 . A transport stream recording apparatus 
according to claim 46, wherein said generator comprising: 

an analyzer for extracting information for 
identifying PCR_PID. 

48. A transport stream recording apparatus 
according to claim 46, wherein said generator comprising: 

an analyzer for extracting the number of video 
elementary streams included in said unit interval. 

49. A transport stream recording apparatus 
according to claim 46, wherein said generator comprising: 

an analyzer for extracting the number of audio 
elementary streams included in said unit interval. 
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50. A transport stream recording apparatus 
according to 46, wherein said generator comprising: 

an analyzer for extracting a packet identifier of 
each video stream included in said unit interval. 

51. A transport stream recording apparatus 
according to claim 46, wherein said generator comprising: 

an analyzer for extracting information for 
identifying a packet identifier of each audio stream 
included in said unit interval. 

52. A transport stream recording apparatus 
according to claim 46, wherein said generator comprising: 

an analyzer for extracting coding attribute 
information of each video stream included in said unit 
interval . 

53 . A transport stream recording apparatus 
according to claim 46, wherein said generator comprising: 

an analyzer for extracting coding attribute 
information of each audio stream included in said unit 
interval . 

54. A transport stream recording method comprising 
the steps of: 

generating reproduction management information in 
each unit of an interval in which a PCR_PID value in an 
inputted transport stream does not change; and 

67 



recording said reproduction management information 
along with said transport stream. 

55. A program recording medium recording a 
computer- readable program for recording a transport 
stream on a recording medium, said program comprising the 
steps of: 

generating reproduction management information in 
each unit of an interval in which a PCR_PID value in an 
inputted transport stream does not change; and 

recording said reproduction management information 
along with said transport stream. 

56. A recording medium for recording a transport 
stream, wherein reproduction management information is 
recorded in each unit of an interval in which a PCR_PID 
value in said transport stream does not change. 
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ABSTRACT OF THE DISCLOSURE 
Random access reproduction in prompt response to 
user commands is realized. A stream analyzing block 
analyzes sequentially inputted transport streams to get 
entry point data. Discontinuity point data are obtained 
in correspondence to a discontinuity occurrence flag 
inputted from a PLL block. Sequentially inputted 
transport packets are analyzed to get mark point data. A 
stream database creating block creates a stream database 
by use of the discontinuity point data and the mark point 
data. The stream database is recorded on a recording 
medium . 
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Syntax 


Nq of 
bits 


STC_Info 0 { 




length 


3 2 


nunn_of_STC_sequence 


8 


for(i=0 ; i <num_of_STC_sequence ; i++) { 




STC_sequence_id 


1 6 


PCR_PID 


1 6 


RSPN_STC_start 


3 2 


reserved 


3 1 


start_PCR_value 


3 3 


reserved 


3 1 


end_stc_value 


3 3 


} 
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Syntax 


Na of 
bits 


STC_InfoO { 




version_number 


8*4 


Length 


3 2 


if (length !=0) { 




num_of_STC_sequence 


8 


of f set_STC_sequence_i d 


8 


for(STC_sequence_id=offset_STC_sequence_id ; 
STC_sequence_i d < (num_of _STC_sequence+ 
offset_STC_sequence_id) ; 

STC sequence_id + +) { 




RSPN_STC_start 


3 2 


start_PTS 


6 4 


end_PTS 


6 4 


} 




} 




} 
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Syntax 


Nq of 
bits 


ProgramlnfoO { 


3 2 


length 


1 6 


number_of_PS I _S I_change 




for(i=0 ; i <number_of_PS I _S I _change : i ++) { 




PS I _S I _type 


8 


if (PSI_S I_type==PAT) { 




start_PAT_address 


3 2 


} 




else if (PS I _S r _type==PMT) { 




p r og ram_inap_P I D 


1 6 


star t_PMT_ad dress 


3 2 


program_number 


1 6 


PCR_PID 


1 6 


nuinber_of _v i deos 


8 


number_of _aud i os 


8 


for (k=0 ; k<number_of_videos ; k++) { 




video_PID 


1 6 


VideoCodinglnfoO 




} 




for (k=0 ; k<number_of_audios ; k+-i-) { 




audio_PID 


1 6 


audioCodinglnfo 0 




} 




} 




else if (PSI_SI_type==SIT){ 




start_ SIT_address 


3 2 


} 




} 




} 
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Syntax 


Nq of 
bits 


r roQ r&nl riTo U l 




V6 rs i on numb© r 


8*4 




3 2 


IT Vicnytn : — i 




R6S6 rvsd 


8 


Nurnbs r_of _pro9ra.in_s6C|uenc6 


8 


for ( i ~0 > 1 ■^number cF proQrsm SGQucncs > i ~\ H) { 




RSPN proQr&rn s6ctUGnc6 sir&r't 


3 2 


reserved 


3 2 


p rog ratn_niap_P I D 


1 6 


PCR_PIO 


1 6 


number_of _v i deos 


8 


number_of_aud ios 


8 


for (k=0 ; k<number_of_videos k++) { 




video_stream_PID 


1 6 


VideoCodinglnfoO 




} 




for (k=0 ; k<number_of_audios ; k++) { 




audio_stream_PID 


1 6 


AudioCodinglnfoO 




} 




} 




} 




} 
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Syntax 


No. of 
bits 


EntryPointMapO { 




1 ength 


3 2 


off se t_sou rce_pac ke t_numbe r 


3 2 


number_of_v i deo_st reams 


1 6 


for (i=0 ; i <number_of_video_st reams ; i 4-+) { 




reserved 


3 


video_PID 


1 3 


number_of_entry_poi nts 


3 2 


for (j=0 ', j <number_of_eni:ry_po i nf J j + +) { 




PTS_EP_start 


3 2 


RSPN_EP_sfart 


3 2 


} 




} 




} 
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Syntax 


Nq of 
bits 


ClipMarkOf 




version_number 


8*4 


Length 


3 2 


number_of_Cl ip_nriarks 


1 6 


for (i=0 ; i <nuinber_of_CI ip_marks ; t ++) { 




Reserved 


8 


Mark_tYpe 


8 


Mark_time_stamp 


3 2 


STC_sequence_id 


8 


Rese rved 


2 4 


} 




} 
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SONY-U0150 BY EXPRESS MML NO. EI.254113394US 



Declaration and Power of Attorney For Patent Application 


Japanese Language Declaration 




As a below named inventor, 1 hereby declare that: 




iVly residence, post office address and citizenship are as 
stated next to my name. 




1 believe i am the original, first and sole inventor (if only one 
named is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 

TRANSPORT STREAM RECORDING APPARATUS AND 
METHOD, TRANSPORT STREAM REPRODUCING 
APPARATUS AND METHOD, AND PROGRAM RECORDING 
MEDIUM 








the specification of which is attached hereto unless the 
following box is checked: 

I [ was filed on as United States Application 

Number or PCT International Application Number 
and was amended on (if applicable). 




1 hereby state that 1 have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 


i SJt. a^afl'JiSlUK 3 7 SIS 1 * 5 6 $^5 i 


1 acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 


m±, ^a^Ama S«l 1 9^(a)-{d):93^)±3 6 5^ 
^LTV^S«fftt;^**^J 3 6 5 (a) 5lfc3C-f < BIStbH. X 


1 hereby claim foreign priority under Title 35, United States 
Code, Section 119(a)-(d) or 365(b) of any foreign 
application(s) for patent or inventor's certificate, or 365(a) of 
any PCT International application which designated at least 
one country other than the United States, listed below and 
have also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT 
International application having a filing date before that of the 
application on which priority is claimed. 


Prior Foreign Application(s) 

P1 1-275837 Japan 
(Number) (Country) 


Priority Not Claimed 

29 September 1999 
(Day/MonthA'ear Filed) 
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(Number) (Country) 


age Declaration 

(Day/MonthA'ear Filed) 


mi. sm^^mmmi 1 9*(e)g^^^:sv^TTlE«* 

(Application No.) (Filing Date) 


1 hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) 

(Application No.) (Filing Date) 


mt, TEO*aS»«3 5JB1 2 O^KSv^TTIEWJit 
* fc. *UiBro*n*«HWF^acis>|tH&^3B3 Siffll 1 2* 

' -X^nmrn^KiX^^ixIt, a««B>l^*»3 7»1^5 6:a 
. 1 -^?^J|$i^&#JlFR»©^r^*fcg8i-aE5^;i:fl^«^c-^^^TBI 

" 1 (Application No.) (Filing Date) 
JMfflR*^) (WJSB) 

(Application No.) (Filing Date) 

(£±1H*^) {WHS) 


1 hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of 
any PCT International application designating the United 
States, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the 
prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United 
States Code, Section 112, 1 acknowledge the duty to disclose 
information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which 
became available between the filing date of the prior 
application and the national or PCT International filing date of 
application. 


(Status: Patented, Pending, Abandoned) 


(Status: Patented, Pending, Abandoned) 


1 8»»10 0 1*»ca-ft, Ii]^SfcttJ<3«. 1>L<H^ 


1 hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may be jeopardize the validity of the application or any patent 
issued thereon. 
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Japanese Language Declaration 




POWER OF ATTORNEY: As a named inventor, 1 hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark office connected therewith {list name and 
registration number) 


Karl A. Limbach 18,689 
George C. Limbach 19,305 
John K. Uilkema 20,282 
Neil A. Smith 25,441 
Veronica C. Devitt 29,375 
Ronald L. Ym 27,607 
Gerald T. Sel<imura 30,103 
Michael A. Stallman 29,444 
Philip A. Girard 28,848 
Michael J. Pollock 29,098 
Steven M. Everett 30,050 


Alfred A Equitz 30,922 
Charles P Sammut 28,901 
Mark C. Pickering 36,239 
Patricia Coleman James 37,155 
Kathleen A Frost 37,326 
Alan A Limbach 39,749 
Douglas C. Limbach 35,249 
Seong-Kun Oh* 

Cameron A. King 41,897 
Kyla L Han-iel 41,815 
Mayumi Maeda 40,075 


Michael R. Ward 38,651 
Charles L. Hamilton 42,624 
Andrew V Smith 43,132 
Eric N.Hoover 37,355 
Frank J Mycroft 46,946 
Parlsa Jorjani 46,813 
Robert M McConnell 46,912 
J. Thomas McCarthy 22,420 
Joel G Ackerman 24,307 
Roger S. Sampson 44,314 
Susan M Schmitt 34,427 
Edward B Welter 37.468 




Send Correspondence to; 

Charles P. Sammut, Esq. 
Limbach & Limbach L.L.P. 
2001 Ferry Building 
San Francisco, CA 94111-4262 




Direct Telephone Calls to: {name and telephone 
number) 

Charles P. Sammut 
(415) 433-4150 




Full name of sole or first inventor: 
MOTOKI KATO 




Inventor's signature Date 


mm 


Residence 

Kanagawa, Japan 


mn 


Citizenship 
Japan 




Post Office Address 

c/o SONY CORPORATION 
7-35, Kitashinagawa 6-chome 
Shinagawa-ku, Tokyo, 141-0001 JAPAN 
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Full name of second joint inventor, if any 
TOSHIYA HAM ADA 




Second inventor's signature Date 




Residence 

Saitama, Japan 


mm 


Citizenship 
Japan 




Post Office Address 




do SONY CORPORATION 
7-35, Kitashinagawa 6-chonne 
Shinagawa-ku, Tokyo, 141-0001 JAPAN 




Full name of third joint inventor, if any 
KENJI OGAWA 




Third inventor's signature Date 




Residence 

Tokyo, Japan 


: mn 


Citizenship 
Japan 




Post Office Address 

c/o SONY CORPORATION 
7-35, Kitashinagawa 6-chome 
Shinagawa-ku, Tokyo, 141-0001 JAPAN 
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